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A probable solution of the cosmological constant problem was recently found. We propose that dark energy of the 
Universe is vacuum energy. Our Universe during its expansion is spending its vacuum energy for creation of new 
microstates, but in the quantum regime phase transitions were more effective in reducing the vacuum energy than 
creation  of  new microstates.  Here  we show how the  123  crisis  orders  of  the  vacuum energy  are  reduced  by 
conventional  physical  processes  in both the quantum and classical  regimes of the Universe evolution. Numeral 
estimates of dark energy evolution are also presented. 
To avoid confusion in this text, dark energy, vacuum energy, the cosmological constant and the 
Λ-term are the same concepts. The cosmological constant problem (the Λ-term problem) existed 
for many years since an understanding of the reduction of 123 crisis orders of dark energy was 
impossible [1] until the holographic principle [2] and the entropic force [3] were suggested.  The 
cosmological constant was introduced by A. Einstein in his field equations almost 100 years ago 
as a property of space to conserve a static Universe     
                                           Rμν – (1/2) R gμν   + Λ gμν = - 8π GN Tμν           .     
If we move ᴧ to the right–hand side of Einstein’s equations it will be a form of energy that has 
been named dark energy. Probably, it is necessary to associate dark energy with vacuum energy, 
whose equation of state is w ≡ p/ρ = -1. It is practically an experimental fact [4]. The Universe’s 
vacuum consists of condensates of quantum and classic fields. There is an interesting point: the 
vacuum content of our Universe (Ωᴧ) is near 73% of its total density (23% - dark matter, 4% 
-baryons) and it is very important to know how this form of energy has reduced, since now (z=0) 
it is by 123 orders of magnitudes smaller than at the Planck time (z=∞). 
                        ρDE  ~ 10-47 (GeV)4    for  z=0        ρDE   ~ 2x1076 (GeV)4            for   z=∞ .
The Universe  is  expanding and new microstates  are  necessarily  produced.  At  expansion,  an 
entropic force arises as well. Due to the presence of this force a loss of energy is inevitable. 
What can serve as a source of the energy? Probably, it may be taken from vacuum energy only. 
The entropic force as a specific microscopic force is E. Verlinde’s new ansatz [3]. It is: F Δx =T 
ΔS or F ~ T əN /əx , here ΔS is the entropy change at a displacement Δx, N is the information 
about a holographic system in bits, N=4S/kB is proportional to the entropy  of a holographic 
screen,  kB is  the  Bol’tzmann  constant.  The  first  detailed  discussion  of  the  entropic  force  is 
already given in the article [5]. Besides, 15 years ago J. Maldacena [6] pointed out that AdS/CFT 
correspondence, which asserts that all information about a gravitating system is encoded in its 
boundary, supports the holographic principle. In the article [7] the authors have got the simplest 
formula for determining the Universe energy density in the holographic limit ρ≤3M2Pl/8πR2. In 
the article [8], J. Bekenstein has shown that entropy (the number of microstates) of a black hole 
is equal to ¼ of its event horizon area expressed in Planck units. The idea that thermodynamics 
of  a  de Sitter  universe  is  similar  to  thermodynamics  of  a  black  hole  in  special  coordinates 
belongs  to  S.  Hawking [9].  Besides,  the  T.  Jacobson’s  idea  [10]  that  gravitation  on  the 
macroscopic scale is a manifestation of vacuum thermodynamics was also very useful. 
Thus,  we have  some new ideas  which  are  necessary to  apply  to  the  cosmological  constant 
problem to solve it. Our Universe, after creation [11], passed a quantum stage of it evolution 
when  holographic  ideas  were  not  applicable  since  holography  is  a  classical  phenomenon. 
Probably, in the quantum regime our Universe has lost a high symmetry,  an extra dimension, 
parity, but at the same time it has acquired something (baryons and dark matter particles). As a 
result of phase transitions due to loss of the high symmetry, the vacuum energy of the Universe 
has decreased by 78 orders [12-13] since the positive vacuum energy density was affected by 
negative contributions producing vacuum condensates. The following chain of phase transitions 
might have occured in our Universe:
           P→D4x[SU(5)]SUSY→D4x[U(1)xSU(2)xSU(3)]SUSY→D4xU(1)xSU(2)xSU(3)→D4xU(1)xSU(3)→D4xU(1) 
        1019 GeV              1016 GeV                                   105~1010 GeV                   100 GeV                0.265 GeV         
when huge orders of vacuum energy were lost during the quantum regime (10-6 sec).  Of course, 
this chain might be more complicated. Thus, phase transitions in the very early Universe have 
quenched more than 1078 of the vacuum energy:                                                  
                              ρPl / ρQCD ~ (MPl /MQCD)4  = (1.22x1019 / 0.265)4 ~ 4.5x1078.
Only  two  last  phase  transitions  have  quenched  10  orders  of  vacuum  energy.  Fortunately, 
condensates  of  these  trasitions  can  be  calculated  exactly  in  the  framework  of  the  Standard 
Model.  We  have  investigated  these  condensates  in  our  article [13].  They  are:  the  Higgs 
condensate in the theory of the electro-weak interactions (ρEW) and the quark-gluon condensate in 
quantum chromodynamics (ρQCD). For the Higgs condensate (if the Higgs mass is mH ~ 125 GeV) 
we have obtained
                          ρEW  = - mH2mW2/2g2 - (1/128pi2)(mH4+3mZ4+6mW4-12mt4) ~ - (100 GeV)4 
for the quark –gluon condensate
                                          ρQCD=-(b/32)<0|(αs/π)GikaGika|0> ~ - (265MeV)4. 
Then we have ρEW/ ρQCD  = (100/0.265)4 ~ 2x1010. At the moment  of the beginning of the last 
phase transition   the  Universe had a  density  of  ~ 10-2  (GeV)4 or  1016  g cm -3.  Probably the 
quantum regime of the Universe evolution took place during 10-6  sec and a minimal size of the 
Universe (RQCD)   at  the begining of the classical  regime might  be near 3x104cm. There also 
should be a transient regime between the quantum and classical ones. Of course, there is some 
uncertainty about application of the holographic principle here. If we take the beginning of the 
classical regime at t=10-5 sec, then we can get  an exact result of vacuum energy reduction. 
Up to now (z=0) the vacuum energy must lose ρQCD/ρDE ~(0.265/1.8x10-12)4 ~ 5x1044.  How can 
we calculate  this  number  using the holographic principle? We have a physical  ground -  the 
entropic force and S. Hawking’s statement about thermodinamics of a de Sitter universe which is 
similar to thermodynamics of a black hole. Besides, C. Balazs and I. Szapidi [7] asserted that the 
entropy of the Universe is restricted by its “surface” measured in the Planck units: S≤ πR2 MPl 2. 
This surface serves as a holographic screen. Then, in the holographic limit, the vacuum energy 
density of the Universe is related to its entropy by the simplest formula: ρ = 3 MPl4  / 8S  which 
for calculations in the classical regime  of the Universe evolution takes the form                     
                                               ρ(z)= (3/8) Mpl4 [RQCD / R(z)]2               (GeV)4.
For z=0 we have: ρ (0) = 0.375x10-47(GeV)4 if  R(0)= 1028  cm. In the classical  regime of the 
Universe  evolution  during  4x1017  sec  the  vacuum  energy  might  be  reduced  by  a  factor  of 
3/8(1028/3x104)2 ~4x1046. If we take the beginning of the classical (Friedmann) evolution to be of 
the  size  ~3x105 cm,   then  we  will  have  a  coincidence  with  the  requested  value  of  loss 
3/8(1028/3x105)2~4x1044.  This  coincidence  cannot  be  accidental.  In  our  early  publication [13] 
about it we discussed an application of these approximations to cosmology. They are: the general 
relativity provides a bright example of a holographic theory, the existence of a horizon in the 
Universe gives “a strong argument” in favor of a holographic approximation in cosmology. So, 
the growth of the entropy (number of microstates) in the Universe during expansion is obvious. 
The existence of the holographic limit [14] constrains the number of degrees of freedom (the 
number of microstates) that can exist in a bounded volume. Both sizes (RQCD=3x (104-105) cm 
and R=1028  cm) are causal horizons in the holographic thermodynamics of the Universe. The 
Einstein equations are obtained from  proportionality of the entropy to the horizon area together 
with the Clausius fundamental relation dS=dQ/T, where dS is the entropy (one-quarter of the 
horizon area), dQ is an energy flow  through the horizon, and T is the Unruh temperature seen by 
an accelerated observer inside the horizon [10]. In de Sitter space, the event horizon coincides 
with the apparent horizon. Some cosmological models  do not have an event horizon,  but an 
apparent horizon exists always. 
Note  also  some  interesting  facts  related  to  the  cosmological  constant  problem.  1)  The 
gravitational  vacuum condensate  might  fix  the  beginning  of  time  in  our  Universe.  Besides, 
already  at  the  Planck  scale,  the  3-dim  topological  defects  (wormholes)  of  the  gravitational 
vacuum condensate diminished the positive initial cosmological constant:
ΛQF=Λ0 – (κћ2/768π2) c32 where c3 is a constant and κ = (1019)-2.
2)Supersymmetry is broken if and only if the cosmological constant is positive. 3)Ya. Zel’dovich 
[15] many years ago tried to find the vacuum energy of the Universe in terms of zero-point 
oscillations, using formula:  ρΛ =  GN m6c2h-4 g cm-3. The chiral QCD symmetry is not an exact 
symmetry,  and  pseudo-Goldstone  bosons  (π  –mesons)  are  a  physical  manifestation  of  this 
symmetry breaking. If the average mass of π-mesons is inserted into Zel’dovich’s formulae and 
if the Hubble constant is H0=70.5 (km sec-1/Mpc), then we obtain a value for ΩΛ=ρΛ/ρcr~ 0.73. 
Thus,  a  relative  content  of  the vacuum component  was fixed in  a  very early Universe as it 
follows from this calculation. 4) Lastly, if gravitation is an entropic force then gravitation is not a 
fundamental  interaction.  Many  years  ago  A.  Sakharov [16]  noted  this.  But  he  had  other 
arguments. 
The  benchmark  points  of  the  vacuum  energy  evolution  from  our  calculations  were:  z=0 
ρᴧ~0.375x10-47;  z=1  ρᴧ~1.3x10-47;  z=2 ρᴧ~4.1x10-47;  z=3  ρᴧ~9.6x10-47;  z=4 ρᴧ~19.1x10-47;  z=5 
ρᴧ~31x10-47; z=10 ρᴧ~197x10-47. These values may be correct if and only if dark energy is a pure 
vacuum energy.  In calculations carried out in our article [13] a “cosmological calculator” of E. 
Wright [17] was used. We hope that the nearest observations of dark energy will detect evolution 
of this Universe’s component. The good review on the cosmological constant can be found in the 
article [18]. Finally, vacuum energy of our Universe is evolving from the Planck time till now. 
The Universe lost ~ 123 (4x1078 x 4x1044) orders of this form of energy during 4x1017sec in the 
process  of  creating   new  microstates  (in  the  quantum  regime  phase  transitions  were  more 
effective in this reduction). Thus, the crisis of physics related to the cosmological constant may 
be overcome.
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